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Introduction

Rotavirus is the most common cause of severe gastroenteritis 
in children less than 5 y of age in both developing and devel-
oped countries.1 In 2008, rotavirus was estimated to account for 
453,000 annual deaths (95% CI: 420,000–494,000) in children 
less than 5 y of age, with most deaths occurring in the developing 
world.2

In the Rotavirus Efficacy and Safety Trial (REST) (Merck 
protocol V260–006) a total of nearly 70,000 infants were evalu-
ated including half who received the live pentavalent rotavirus 
vaccine, RV5 (RotaTeq™, Merck and Co., Inc.). This pivotal 
trial demonstrated a vaccine efficacy of 74.0% against any sever-
ity rotavirus gastroenteritis (RVGE) and 98.0% against severe 
RVGE, caused by viruses with serotypes G1, G2, G3 and G4.3 
In addition, hospitalizations were reduced by 95% for RVGE 
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caused by any rotavirus serotype through the first 2 y of life after 
the third dose.3 RV5 was generally well tolerated with respect to 
clinical adverse experiences. Of note, no increased risk of intus-
susception was observed for the vaccine compared with placebo.3

RV5 has proven to be highly effective during routine use in 
the United States since licensure in 2006.4-8 Multiple rotavirus 
surveillance systems in the US have demonstrated a delay in the 
rotavirus season and dramatic reductions in gastroenteritis-related 
health care resource utilization and incidence of RVGE7,9,10 since 
introduction of RV5 to the routine infant immunization sched-
ule in 2006.11

In 2007, a universal RV5 vaccine program was initiated in 
Queensland, Australia. RV5 coverage in the first eligible birth 
cohort was 89.6% for at least 1 dose and 73.1% for 3 doses. 
The program provided immediate and sustained reductions in 
rotavirus-associated hospitalizations for people less than 20 y 
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of age and also appeared to impact 
hospitalizations for acute gastroen-
teritis (AGE) that was not identified 
as due to rotavirus in children less 
than 5 y of age based on evaluation 
of medical records for International 
Classification of Diseases (ICD) 
codes for AGE including rotavirus in 
the primary or any secondary diag-
nostic field.12 The observed vaccine 
effectiveness for 3 doses of RV5 was 
89.3% to 93.9% (any/primary diag-
nosis) for rotavirus hospitalizations.12 
In addition to this direct evidence of 
protection from RV5, there is also 
evidence of indirect herd protec-
tion.13 Similarly, clinical study results 
from developing countries in Asia 
and Africa demonstrate that RV5 
was efficacious, immunogenic, and 
generally well tolerated in healthy 
infants, although efficacy results 
were lower than those observed in 
developed countries.14 Of note, the 
efficacy of RV5 against severe RVGE 
was 51.0% in developing countries 
in Asia (Bangladesh, Vietnam) and 
64.2% in Africa (Ghana, Kenya, 
Mali).14,15

Each year in Japan, approximately 
26,500 to 78,000 children less than 
5 y of age are hospitalized owing to 
RVGE, resulting in a direct medical 
cost of at least 10 billion Yen16,17 in 
addition to an estimated 800,000 

doctor office visits each year for children less than 6 y of age.18 
Of note, epidemiological data regarding RVGE hospitalizations 
in Japan are limited with a broad range of estimated incidence, 
perhaps due to temporal and regional differences in the avail-
able studies. Recently, the economic burden of RVGE in Japan 
was calculated to be 24 billion Yen, which includes direct and 
indirect costs of hospitalizations and outpatient visits.19 The aim 
of this study was to evaluate the efficacy and safety of RV5 in 
healthy Japanese infants.

Results

A total of 762 infants were randomized to the RV5 or placebo 
group and 761 received at least 1 dose of vaccine. Comparable 
numbers of participants from each group completed the study 
(96.6% in RV5 and 96.1% in placebo, respectively) (Fig. 1). 
Additionally, baseline characteristics of the RV5 and placebo 
groups were similar (Table 1). Consistent with the protocol 
design and global product label at the time the study was con-
ducted, all subjects in both treatment groups received their first 
dose of RV5 or placebo between 6 to 12 weeks of age. The mean 

Figure 1. study disposition. Data are represented as n (%) unless otherwise noted. aIncludes 1 subject 
who was randomized but did not receive the study vaccine by the investigator’s decision. bcompleted: 
the number of subjects who continued follow-up until the last study visit (visit 5) regardless of the 
number of vaccinations received. csubjects who had < 3 vaccinations or < 28 d between vaccinations, 
who received oral poliovirus vaccine or Bacille calmette-Guérin within 27 d of any dose. dsubjects were 
classified as unevaluable owing to wild-type rotavirus-positive test results prior to 14 d post dose 3, 
incomplete clinical and/or laboratory results or stool samples collected out of the day range (e.g., within 
7 d after the onset of symptoms).

Table 1. Baseline characteristics of participants

RV5 Placebo

Number randomly assigned
380 381

Dose 1a

Age at entry (weeks)

< 6, n (%) 0 (0) 0 (0)

6–12, n (%) 380 (100) 381 (100)

≥ 13, n (%) 0 (0) 0 (0)

Dose 1

Mean (sD) 7.6 (1.7) 7.5 (1.6)

Median 7.0 7.0

Range 6–12 6–12

sex, n (%)

Male 207 (54.5) 199 (52.2)

Gestation, n (%)

≤ 36 weeks 20 (5.3) 11 (2.9)

> 36 weeks 360 (94.7) 370 (97.1)

IQR, interquartile range; RV5, the pentavalent rotavirus vaccine  
RotaTeqTM. aAll participants randomly assigned to a study group received 
at least 1 dose of vaccine or placebo.
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to determine the individual efficacy against each of the types in 
the vaccine, the serotype-specific efficacy was demonstrated to 
be 81.4% (95% CI: 35.1%, 96.5%) against serotype G1, 20.0% 
(95% CI: < 0%, 84.1%) against serotype G3, and 100.0% (95% 
CI: < 0%, 100%) against serotype G9. The vaccine efficacy for 
G1 was statistically significant; for serotypes G3 and G9, there 
were too few cases for a statistically meaningful estimate.

A review of health care resource utilization shows 3 partici-
pants in the placebo group were hospitalized or made an emer-
gency department visit owing to RVGE caused by viruses with 
serotypes contained in the vaccine, i.e., G1, G2, G3, G4, and G 
serotypes associated with serotype P1A[8] (e.g., G9), compared 
with 0 participants in the RV5 group. The efficacy estimate of 
RV5 against hospitalization and emergency department visits 
for RVGE was 100% (95% CI: < 0%, 100%) (p = 0.249). This 
estimate is not statistically significant owing to the low number 
of cases, although numerically fewer participants utilized health 
care resources in the RV5 group compared with placebo. To eval-
uate clinical evidence of dehydration and/or administration of 
rehydration therapy, dehydration positive was defined as a World 
Health Organization score ≥ 2 owing to RVGE, which included 
1 participant in the RV5 group and 7 in the placebo group. The 
vaccine efficacy estimate against RVGE-related dehydration was 
85.7% (95% CI: < 0%, 99.7%). Moreover, 4 participants in the 
placebo group required rehydration therapy and 0 required rehy-
dration therapy in the RV5 group.

During this trial, no deaths occurred within 14 d following 
vaccination; 1 subject in the RV5 group died on day 36 post 
dose 2 owing to respiratory syncytial virus bronchiolitis, which 
was considered not related to the study vaccination by the site 
investigator. Importantly, there were no reports of intussuscep-
tion during the course of this trial or in the follow-up period. 
No participants in the RV5 group were discontinued because of 
a clinical adverse experience. The most common (≥ 10% in any 
treatment group) clinical adverse experiences occurring during 
the 14-d follow-up period were diarrhea (12.1% RV5 and 12.3% 
placebo) and nasopharyngitis (9.7% RV5 and 8.7% placebo). 
The percentages of participants with prespecified (Tier 1 and 

age at dose 2 for subjects in the RV5 group and in the placebo 
group was 12.5 ± 2.6 weeks and 12.4 ± 2.5 weeks, respectively. 
Similarly, the mean age at dose 3 for subjects in the RV5 group 
and in the placebo group was 18.7 ± 3.7 weeks and 18.5 ± 3.7 
weeks, respectively.

The study was designed as a case-driven study with a sample 
size intended to provide a minimum total number of 30 cases 
of RVGE due to any of the vaccine-related types. Results of the 
primary endpoint, efficacy of RV5 against RVGE of any severity 
caused by viruses with serotypes contained in the vaccine, i.e., 
G1, G2, G3, G4 and G serotypes associated with P1A[8] (e.g., 
G9), occurring at least 14 d post dose 3 relative to placebo, are 
shown in Table 2. Of note, the predominant serotype seen was 
G1; there were few cases of RVGE due to G3 and G9 and none 
due to G2 or G4 rotavirus observed in this study. The overall 
vaccine efficacy for the primary endpoint was 74.5% (95% CI: 
39.9%, 90.6%; p < 0.001). Median follow-up was 191 d and 189 
d for the RV5 and placebo groups, respectively.

Results of secondary endpoints demonstrate that the vaccine 
efficacy was 80.2% (95% CI: 47.4%, 94.1%) against moderate-
to-severe and 100% (95% CI: 55.4%, 100%) against severe 
cases of RVGE caused by viruses with serotypes contained in the 
vaccine, i.e., G1, G2, G3, G4, and G serotypes associated with 
P1A[8] (e.g., G9), occurring at least 14 d post dose 3 (Table 2). 
Moreover, efficacy estimates of the vaccine against RVGE due to 
any naturally occurring rotavirus (regardless of serotype) occur-
ring at least 14 d following the third dose was 75.3% (95% CI: 
42.2%, 90.9%) for any severity RVGE and was 81.0% (95% 
CI:49.6%, 94.3%) and 100% (95% CI: 55.2%, 100%) for mod-
erate-to-severe and severe RVGE, respectively (Table 2).

Of the 34 participants with cases of RVGE meeting the pri-
mary endpoint in this study, 19 were caused by serotype G1, 9 
were caused by serotype G3, and 5 were caused by the G9 sero-
type; one was caused by an unspecified G serotype. All sero-
types contained P1A[8] except for one case caused by the G1 
serotype for which the P serotype was not able to be determined. 
As noted above, no cases of RVGE due to G2 or G4 rotavirus 
were observed in this study. Although the study was not powered 

Table 2. Vaccine efficacy estimates against rotavirus gastroenteritis at least 14 d post dose 3

Severity of RVGE

Number of RVGE cases
Vaccine efficacy

% (95% CI)
p valueRV5 group

(n = 380)

Placebo group

(n = 381)

RVGe caused by serotype G1, G2, G3, G4, and P1A[8]

Any severity 7 27 74.5 (39.9, 90.6) < 0.001

Moderate-to-severe

(clinical score > 8)
5 25

80.2 (47.4, 94.1) < 0.001

severe (clinical score > 16) 0 10 100 (55.4, 100) < 0.001

RVGe caused by any serotype

Any severity 7 28 75.3 (42.2, 90.9) < 0.001

Moderate-to-severe (clinical score > 8) 5 26 81.0 (49.6, 94.3) < 0.001

severe (clinical score > 16) 0 10 100 (55.2, 100) < 0.001

cI, confidence interval; RVGe, rotavirus gastroenteritis.
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types represent over 90% of the rotavirus observed globally to 
cause disease in humans.

In this study, the RV5 vaccine was efficacious in prevent-
ing RVGE in Japan, decreasing severe disease and health care 
resource utilization. Results (Table 2) of this study are similar to 
those obtained in clinical trials from other developed countries 
like REST, where vaccine efficacy was demonstrated to be 74.0% 
(95% CI: 66.8%, 79.9%), 81.7% (95% CI: 75.0%, 86.8%) and 
98.0% (95% CI: 88.3%, 100%) against any, moderate-to-severe 
and severe RVGE, respectively, caused by viruses with serotypes 
G1, G2, G3, and G4 as a combined group.3

Serotype-specific protection against rotavirus has also been 
demonstrated for RV5 in earlier larger studies. Based upon com-
bined data from the pivotal Phase III studies (REST and the 
Finnish Extension study), the reduction up to 3 y post-vaccina-
tion in the rate of hospitalizations and emergency department 
visits for RVGE was 94.4% (95% CI: 91.6%, 96.2%) for geno-
types G1–G4, 95.5% (95% CI: 92.8%, 97.2%) for genotype G1, 
81.9% (95% CI: 16.1%, 98.0%) for genotype G2, 89.0% (95% 
CI: 53.3%, 98.7%) for genotype G3, 83.4% (95% CI: 51.2%, 
95.8%) for genotype G4 and 94.2% (95% CI: 62.2%, 99.9%) 
for genotype G9.20

The current study was designed as a case-driven study with a 
sample size intended to provide a minimum of 30 total primary 
endpoint cases of RVGE due to any of the vaccine-related types 
combined. However, this study was not powered to determine 
the individual efficacy against each of the types in the vaccine, 
and the feasibility of doing so is dependent upon observing a suf-
ficient number of cases of each of the rotavirus types occurring 
naturally during the course of the study.

Globally, G1P1A[8] is the most common rotavirus type caus-
ing gastroenteritis in humans, and this was the predominant type 
observed in this study in Japan. Of the 34 participants with cases 
of RVGE meeting the primary endpoint in this study, 19 were 

Tier 2) clinical adverse experiences are given in Table 3. Of note, 
there were similar reports of clinical adverse experiences between 
the 2 study groups (49.7% RV5 and 50.1% placebo). The inci-
dence of Tier 1 events, including diarrhea, elevated temperature 
(≥ 38.1°C, rectal equivalent), behavioral change (irritability) and 
vomiting within 7 d following any vaccination was low and was 
not statistically different in the 2 treatment groups. The percent-
age of participants with vaccine-related clinical adverse experi-
ences, defined as those clinical adverse experiences judged as 
related to the study vaccine by the investigator, was 14.5% in the 
RV5 group, which was higher than the placebo group (8.9%) 
based on the 95% confidence interval of the treatment group dif-
ference. All vaccine-related clinical adverse experiences in the RV5 
group were mild or moderate and resolved without discontinua-
tion. A total of 7 participants (1.8%) in the RV5 group and 9 par-
ticipants (2.4%) in the placebo group had serious clinical adverse 
experiences within 14 d following any vaccination, all of which 
were considered not related to the study vaccination. Likewise 
in infants who were premature at birth, defined as gestation 36 
weeks of age (n = 20 RV5, n = 11 placebo), the incidence of clini-
cal adverse experiences were generally comparable between the 
groups. No specific clinical adverse experiences or vaccine-related 
adverse experiences were observed in this population.

Discussion

The epidemiology of naturally occurring rotavirus disease in 
humans shows that rotavirus types can vary across geographi-
cal areas and from one season to the next. One cannot predict 
which strains will predominate in any given rotavirus season. 
The primary endpoint prespecified in this study was efficacy 
against RVGE caused by rotavirus types represented in the vac-
cine, i.e., G1, G2, G3, G4, and G types associated with P1A[8]. 
From an epidemiological and historical basis, these combined 

Table 3. comparison of the incidence of prespecified Tier 1 and Tier 2 clinical adverse experiences

Difference in % vs. placebo

RV5

(n = 380)

n (%)

Placebo

(n = 381)

n (%)

Estimate

(95% CI)

p value

Tier 1 events (days 1 to 7 following any dose)

Diarrhea 41 (10.8) 38 (10.0) 0.8 (−3.6, 5.2) 0.712

Vomiting 30 (7.9) 28 (7.3) 0.5 (−3.3, 4.4) 0.777

Irritability 1 (0.3) 3 (0.8) −0.5 (−2.1, 0.8) 0.318

elevated temperature ≥ 38.1°c (100.6°F)* 95 (25.1) 105 (27.6) −2.6 (-8.8, 3.7) 0.423

Tier 2 events (days 1 to 14 following any dose)

1 or more clinical adverse experiences 189 (49.7) 191 (50.1) −0.4 (-7.5, 6.7) N/A

Vaccine-related clinical adverse experiences 55 (14.5) 34 (8.9) 5.5 (1.0, 10.2) N/A

serious clinical adverse experiences 7 (1.8) 9 (2.4) −0.5 (−2.8, 1.7) N/A

serious vaccine-related clinical adverse experiences 0 (0.0) 0 (0.0) 0.0 (−1.0, 1.0) N/A

Discontinued because of a clinical adverse experience 0 (0.0) 3 (0.8) –0.8 (–2.3, 0.2) N/A

Discontinued because of a vaccine-related clinical adverse experience 0 (0.0) 0 (0.0) 0.0 (−1.0, 1.0) N/A

RV5, the pentavalent rotavirus vaccine RotaTeqTM; n, number of subjects in safety analysis; cI, confidence interval. *Rectal equivalent.
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multicenter study (Merck protocol V260-029) to evaluate the 
efficacy and safety of the 3-dose regimen of oral RV5 in healthy 
Japanese infants 6 to 12 weeks of age at enrollment. The study 
was conducted from August 2008 to August 2009 at 32 sites 
across Japan. Sites were selected based on Merck Sharp and 
Dohme Corp. (MSD), a subsidiary of Merck and Co., Inc., 
standard operating procedures and in accordance with Good 
Clinical Practice (GCP). MSD provided site and study feasibil-
ity questionnaires to medical institutions with known experience 
in pediatric clinical research studies in Japan. Sites were selected 
based on the potential number of eligible subjects, site infrastruc-
ture, investigators’ experience, cost, and compliance to GCP. Of 
the sites selected for this study, 22 were hospitals with pediatric 
departments and 10 were pediatric clinics. Most of the subjects 
were born in these hospitals or in obstetric facilities near the 
study sites. Investigators recruited the subjects by introducing the 
clinical study during routine medical evaluations or by display-
ing posters and/or leaflets within the facilities. Participants were 
identified by their medical condition and interest in participa-
tion. All vaccinations were performed by the investigators.

Healthy infants, aged 6 through 12 weeks at the time of the 
first dose, who had not received any prior rotavirus vaccination, 
were eligible to partake in the study with written informed con-
sent from parents or guardians who were available for follow-up 
for safety by telephone, e-mail, or clinic visit following vacci-
nation. Infants were excluded if they had a history of congeni-
tal abdominal disorders, intussusception, abdominal surgery, 
RVGE, chronic diarrhea, growth disorders or active gastrointes-
tinal illness. Infants were also excluded if they had received oral 
poliovirus vaccine (OPV) or Bacille Calmette-Guérin (BCG) 
within 27 d prior to the first dose of the study vaccine or placebo 
for consistency with Japanese guidelines for prophylactic vaccina-
tion. The study was approved by the institutional review board 
of each site and conducted according to good clinical practice 
standards and to the Declaration of Helsinki guidelines. Written 
informed consent was obtained from the parents or guardians of 
all participants. This study is registered with ClinicalTrials.gov, 
number NCT00718237.

Procedures. Infants were assigned in a 1:1 ratio using a com-
puter-generated randomization schedule provided by Merck to 
receive 3 oral doses of 2 mL of RV5 or placebo at 28- to 70-d 
intervals between each dose with the third dose given by 32 
weeks of age. Treatment groups were blinded against parents or 
guardians, investigators, study coordinators, study-related per-
sonnel, and the sponsor (including external agencies). Blinding 
was maintained using the randomization code. RV5 contains 5 
human-bovine reassortant rotavirus strains: G1, G2, G3, G4, 
and P1A[8].3 The placebo contained the same buffered solu-
tion as RV5 without the viral constituents. The first dose was 
administered at visit 1, between 6 and 12 weeks of age and the 
third (last) dose was administered by 32 weeks of age. With the 
exception of OPV and BCG, there were no restrictions on the 
concomitant administration of other approved routine pediatric 
vaccines (e.g., diphtheria, tetanus and pertussis vaccine; hepa-
titis B vaccine; Haemophilus influenzae type b vaccine) during 
this study. Simultaneous vaccination of RV5 and BCG has not 

caused by serotype G1, 9 were caused by serotype G3, and 5 were 
caused by the G9 serotype; 1 case was caused by an unspecified 
G serotype. All serotypes contained P1A[8] except for 1 case 
caused by the G1 serotype for which the P serotype could not 
be determined. No cases of RVGE due to G2 or G4 rotavirus 
were observed in this study. Serotype-specific efficacy was demon-
strated to be 81.4% (95% CI: 35.1%, 96.5%) against serotype G1, 
20.0% (95% CI: < 0%, 84.1%) against serotype G3, and 100.0% 
(95% CI: < 0%, 100%) against serotype G9. The vaccine efficacy 
for G1 was statistically significant; for serotypes G3 and G9, there 
were too few cases for a statistically meaningful estimate.

Additionally, in this study RV5 has demonstrated a good 
safety profile and was generally well tolerated in Japanese par-
ticipants, including a small number of premature infants. The 
overall safety profile was consistent with the global trial REST. 
Of note, there was no report of intussusception during the course 
of this study, including the follow-up period, although this 
study was underpowered to demonstrate any association with 
intussusception.

RV5 is likely to provide a much needed benefit in Japan to 
reduce the burden of RVGE-related hospitalizations and emer-
gency department visits. Furthermore, these results in Japan 
confirmed the potential for high vaccine efficacy in Asia, which 
is similar to other developed world settings and appears higher 
than the observed efficacy in developing settings in Asia, such 
as those observed in Bangladesh and Vietnam (Merck Protocol 
V260-015).14 The methodology of the clinical trials in the devel-
oping world was different (case capture method), hence the data 
cannot be directly compared. Data from studies conducted in 
other countries support the concomitant use of RV5 with routine 
pediatric vaccines. However, at the time of this study, general 
guidelines in Japan did not recommend administering routine 
infant vaccines concomitantly with an investigational vaccine. 
Therefore, concomitant use of RV5 with routine pediatric vac-
cines in Japan was not evaluated in the present study, and is cur-
rently being investigated.

Globally, nearly all children are infected by rotavirus by 5 y 
of age, regardless of socioeconomic status.21 Implementation of a 
rotavirus vaccination program in Japan will prevent severe cases 
of RVGE and reduce disease burden in infants and the burden to 
their families. Likewise, such a program could reduce the burden 
on health care workers and associated health care costs. Among 
RVGE hospitalizations which occur in children younger than 5 
y of age in Japan, only 4% arise in those ≤ 6 mo of age,22 by 
which time rotavirus vaccination would be completed, protecting 
against most cases of RVGE. Observational studies conducted in 
the United States, which has a similar socioeconomic setting to 
Japan, have shown sustained protection against RVGE by vac-
cination until 2 to 3 y of age.10 Universal administration of an 
effective and safe vaccine may considerably reduce the burden 
associated with RVGE morbidity, mortality, and health care costs.

Materials and Methods

Participants and study design. This was a randomized, dou-
ble-blind, placebo-controlled, parallel-group, comparative, 
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(PPD), LLC. All clinical adverse experiences were collected for 
14 d following each dose. Information on deaths, serious vaccine-
related clinical adverse experiences, and events of clinical interest 
(intussusception) occurring during the entire study period were 
also recorded. A case was defined as ≥ 3 watery or looser-than-
normal stools with a 24-h visit and/or single forceful vomiting 
and detection of wild-type RV in a stool specimen taken within 
7 d after the onset of symptoms. Follow-up was continued until 
the end of the first RV infection season after enrollment of the 
first subject. The last visit occurred after the number of subjects 
with RVGE (number of events) reached the target number (30) 
necessary for primary evaluation.

Determination of RVGE severity. The RVGE severity scor-
ing system was adapted from that used by Duffy et al. and cal-
culated based on the frequency and duration (number of days) 
of diarrhea, vomiting and elevated temperature (≥ 38.1°C, rectal 
equivalent) and behavioral change (irritability).23 This scoring 
system was validated and shown to correlate strongly with phy-
sician assessment of the severity of gastroenteritis symptoms.24 
A score > 8 and ≤ 16 points was designated moderate and > 16 
points was designated severe.

Study outcomes. The primary efficacy endpoint was the inci-
dent rate of RVGE of any severity caused by viruses with serotypes 
contained in the vaccine, i.e., G1, G2, G3, G4, and G serotypes 
associated with P1A[8] (e.g., G9), occurring at least 14 d follow-
ing the third dose. RVGE was defined by both of the following 
criteria: ≥ 3 watery or looser-than-normal stools observed within 
a 24-h period and/or forceful vomiting (handled as AGE) and 
wild-type rotavirus detected in a stool sample collected within 7 
d after the onset of symptoms. The primary safety endpoint was 
the safety of RV5 with respect to all clinical adverse experiences 
occurring within 14 d of any dosing in healthy Japanese infants.

Secondary endpoints included the incidence rate of moder-
ate-to-severe and severe RVGE caused by viruses with serotypes 
contained in the vaccine, i.e., G1, G2, G3, G4, and G serotypes 
associated with P1A[8] (e.g., G9), occurring at least 14 d fol-
lowing the third dose. Another secondary measure was the inci-
dence rate of RVGE caused by any naturally occurring rotavirus 
(regardless of serotype) occurring at least 14 d following the third 
dose.

The incidence rate of RVGE caused by an individual rotavirus 
serotype occurring at least 14 d following the third dose was a 
tertiary endpoint (descriptive), as was the presence of health care 
resource utilization for RVGE caused by viruses with serotypes 
contained in the vaccine, i.e., G1, G2, G3, G4, and G serotypes 
associated with P1A (e.g., G9), including hospital admission or 
outpatient treatment in an emergency department. The presence 
of clinical evidence of dehydration and/or the administration of 
rehydration therapy for episodes of RVGE caused by viruses with 
serotypes G1, G2, G3, G4, and G serotypes associated with P1A 
was also a predetermined objective.

Statistical analysis. The study was designed as a case-driven 
study with a sample size intended to provide a minimum required 
total number of primary endpoint cases of RVGE due to any of 
the vaccine-related rotavirus types, i.e., serotypes G1, G2, G3, 
G4, and G serotypes associated with P1A. The power to satisfy 

been fully evaluated. A previous study demonstrated concomi-
tant vaccination with OPV had negligible effect on the safety 
and assumed efficacy of concomitant use of RV5.14 However, in 
the current study concomitant vaccination with either OPV or 
BCG was prohibited for consistency with Japanese guidelines for 
prophylactic vaccination. All other approved pediatric vaccines 
were provided as standard of care as determined by the investiga-
tor. The study vaccine or placebo was allowed to be administered 
without regard to feeding (i.e., fed or fasting conditions). Of 
note, subjects in the placebo group did not receive vaccine at the 
end of the study because they were not age-eligible for RV5; at 
the time the study was conducted, the approved package circular 
for RV5 required that all 3 doses be administered by 32 weeks of 
age with a minimum of 4 weeks between doses.

Subjects were seen in person at several scheduled study visits 
for receipt of vaccination (visits 1–3) in addition to a vaccina-
tion completion follow-up visit (visit 4) and a final completion 
visit (visit 5). Parents or guardians were contacted by telephone or 
e-mail on days 8 and 15 following each dose of vaccine/placebo to 
discuss AGE and associated health care utilization as well as other 
clinical adverse experiences. Visits 2 and 3 occurred 28 to 70 d 
after the prior vaccine dose was received and visit 4 occurred 14 
to 24 d post dose 3. After visit 4, the occurrence of gastroenteri-
tis was monitored biweekly during the rotavirus season (January 
1 through June 30) and every 4 weeks thereafter via telephone 
or e-mail until the end of the study period (visit 5). After each 
vaccination visit, parents or guardians were instructed to com-
plete a vaccine report from the time of each vaccination (day 1) 
through day 14. The report card required the parent or guardian 
to record certain specific symptoms including body temperature 
(rectal whenever possible) and the frequency of episodes of vom-
iting and diarrhea every day for 7 d following each vaccination. 
Other adverse experiences (including behavioral changes) and 
concomitant drugs and/or vaccination administered were also 
recorded for 14 d following each vaccination. An acute gastro-
enteritis report card (AGRC) as well as a stool-sampling kit was 
also provided following each vaccination for completion in the 
event a subject showed symptoms of an AGE. Parents or guard-
ians were instructed to complete the AGRC, which documented 
body temperature, symptoms and use of any medication, daily, 
until symptom resolution. They were also instructed to collect 
a stool sample within 3 d and not later than 7 d after the onset 
of symptoms. A description of symptoms that could be pres-
ent in the event of potential AGE that were provided to parents 
included 1 or more watery stools or 3 or more looser-than-normal 
stools within a 24-h period and/or forceful vomiting. The stool 
sample was to be kept refrigerated and submitted directly to the 
study site within 72 h of collection. Samples were stored frozen 
at or below −20°C at the study site. Stool samples were screened 
for the presence of rotavirus antigen by enzyme immunoassay at 
the Cincinnati Children’s Hospital Medical Center. All positive 
samples were further tested using polymerase chain reactions to 
identify the rotavirus serotype (i.e., G and P types using VP7 and 
VP4 assays, respectively) and to distinguish between vaccine virus 
strain and wild-type rotavirus (VP6 assay) at PPD Vaccine and 
Biologics Labs, a group of Pharmaceutical Product Development 
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(Tier 1 and Tier 2) were provided for between-treatment differ-
ences in the percentage of subjects with events; these analyses 
were performed using the Miettinen and Nurminen method.
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the primary efficacy hypothesis at the end of the study was based 
on results from the REST trial. The incidence of RVGE in Japan 
was estimated based on studies conducted in Asia because the 
true incidence in Japan was unknown. Assuming the incidence 
of RVGE in the placebo group was 10% and the vaccine efficacy 
was 73.8%, then at least 30 cases of RVGE would be expected if 
there were 298 subjects enrolled in each group. These values yield 
92% power to detect an RV5 efficacy estimate higher than 0%; 
the planned number of subjects was set at 744 subjects or 372 
per group, assuming an exclusion rate of 20% owing to protocol 
violations and loss of cases due to RVGE infection. Therefore, 
the critical point estimate of RV5 efficacy would be 57.1% with 9 
subjects in the RV5 group and 21 subjects in the placebo group. 
Of note, the study was not powered to assess efficacy according 
to individual rotavirus serotypes, nor was it powered for safety 
measures, including intussusception.

The efficacy estimate of the vaccine was determined for the 
per-protocol population and defined as (1 − R

vaccine
/R

placebo
) × 

100%, where R is the incidence rate of RVGE in the respective 
groups and used an exact conditional 1-sided test for a binomial 
proportion given the total number of observed cases (α = 0.025). 
Ninety-five percent CIs for vaccine efficacy were calculated based 
on the exact 95% CIs for the binomial probability.

Although the study was not powered for safety measures, cer-
tain clinical adverse experiences were prespecified as Tier 1 and 
Tier 2 events. Diarrhea, elevated temperature (≥ 38.1°C, rectal 
equivalent), behavioral change (irritability), and vomiting occur-
ring within 7 d following any dose of the study vaccine were con-
sidered Tier 1 events. Tier 2 events included the categories of 
clinical adverse experiences consisting of the percentage of sub-
jects with a clinical adverse experience, a vaccine-related clinical 
adverse experience, a serious adverse experience, a vaccine-related 
serious adverse experience, discontinued because of a clinical 
adverse experience, and discontinued because of a vaccine-related 
clinical adverse experience. P-values (Tier 1 only) and 95% CIs 
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